
IiMDS Syst:em With Equal Power To Subscr±l>er IiOcai:±ons 

Field Of The Invention 

The invention relates to Local Multi-point 
Distribution Services, LMDS, of high-bandwidth, 
5 interactive broadband communications using a system of 
cell-site antennas transmitting wireless millimeter wave 
communications . 
Background Of The Invention 

A known system of cell-site LMDS antennas, 

10 described in U.S. Patent 4,747,160, has omni-directional 
cell sites arranged in center-excited cellular patterns 
of a reused main signal to provide one-way broadband, 
television, TV, service using mm. wave carriers centered 
about 28 gHz. For example, 1 gHz. of bandwidth centered 

15 at 29 gHz. is allocated for TV service in New York City, 
New York. Antennas of transmitters serving the cell- 
sites are referred to as LMDS antennas. Subscribers to 
the service have high gain, narrow beam antenna-receiver 
units. The received signals are down-converted and cable 

20 linked to a set top receiver and encryption unit for 

viewing by the subscribers by way of their conventional 
analog TV receivers. Adjacent cell-sites avoid co- 
channel and adjacent channel interference by having a 
given channel assignment and polarization allocation of 

25 the main signal to achieve spectral efficiency and 

enable frequency reuse. The subscribers are partitioned 
within respective cell-sites, and assumes that each 
receiver site is served solely by one cell-site 
transmitter having an LMDS antenna that is 

30 geographically particular to the one cell-site in which 
the subscriber is located. 

The known system is susceptible to fading of the 
carrier signals due to inclement weather precipitation, 
i.e. rain, and by propagation losses as a function of 

35 increasing distances from the transmitter along the 
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signal path to each of the subscribers, referred to as 
path loss. The subscribers located along different lines 
of sight from the transmitter risk unacceptable signal 
attenuation as a result of their being located along 
5 nulls between lobes in the radiation pattern of signals 
from the LMDS antenna. 

The known system assumes that an LMDS antenna 
provides line of sight propagation of the transmitted 
signals to multiple subscribers being serviced by a 

10 given cell-site. The location of the LMDS antenna is 

assumed to be located at the site of maximum elevation 
at the cell-site, to minimize the occasional occurrences 
of shadows in the propagated signal pattern imposed by 
geographically scattered vertical structures, such as 

15 tall buildings and tank towers within the cell-site. 
However, with the LMDS antenna being located at a 
relative maximum elevation, signal power of the 
transmitted signals that radiate above the horizon and 
into space is denied to the subscribers. 

20 Accordingly, a millimeter wave communications 

system that uses LMDS antennas needs to provide a polar 
radiation pattern that substantially reduces the power 
of transmitted signals that radiate above the horizon, 
which maximizes the power of signals being radiated 

25 below the horizon to the subscriber locations. For 

effective power allocation to all subscriber locations 
at various ranges or distances from the LMDS antenna, it 
would be advantageous to counteract signal attenuation 
due to path loss. It would be advantageous to attenuate 

30 the signal at near range to take advantage of excess 

signal power available to near range subscribers, and to 
tailor the signal with lowered attenuation to supply 
adequate signal power to subscribers at the edge of the 
cell-site . 

35 Summary Of The Invention 
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The invention relates to wireless distribution of 
broadband communications signals by LMDS antennas that 
counteract signal attenuation, due to the effects of 
path loss. 

5 Further, the invention relates to wireless 

distribution of mm. wave, broadband communications 
signals by LMDS antennas that counteract signal 
attenuation, due to the effects of precipitation, i.e. 
rain . 

10 Further, the invention relates to wireless 

distribution of broadband communications signals by LMDS 
antennas counteracting signal attenuation as an inverse 
relationship of 1/D^, where D is the Distance from the 
antenna to the subscriber location in the cell-site 

15 being served by signals transmitted by a corresponding 
antenna . 

Further the invention provides broadband 
communications signals by having an optimum pattern of 
radiation that minimizes nulls between side lobes in the 

20 polar gain pattern of signal propagation from an LMDS 
antenna to mitigate zones of signal attenuation in the 
line of sight transmitted signal to subscribers 
coinciding with the nulls. 

Further, the invention provides broadband 

25 communications signals by LMDS antennas that counteract 
signal attenuation due to path loss by attenuating the 
signal at near range to take advantage of excess signal 
power available to near range subscribers, and by 
tailoring the signal with lowered attenuation to supply 

30 adequate signal power to subscribers at the edge of the 
cell-site . 

Description Of The Drawings 

Embodiments of the invention will now be described 
by way of example with reference to the accompanying 
35 drawings, according to which: 



17286 



3 




Figure 1 is a graph of carrier signal loss in dB, 
decibels, versus distance in m, meters, to subscribers 
of the signal, as provided by a standard LMDS antenna, 
and by comparison, as provided by an optimum LMDS 
5 antenna, shown together with graphs of the antenna gain 
and link loss of both such LMDS antennas, and shown 
together with a graph of the known propagation loss 
delta due to the combined effects of path loss and rain; 

Figure la is an enlarged view of a portion of the 
10 graph shown in Fig. 1; 

Figure 2 is a diagram of subscribers within a cell- 
site being served by an LMDS antenna: 

Figure 3 is a graph similar to that of Fig 3 and 
having a different scale of the distances to 
15 subscribers; 

Figure 4 is a diagram similar to that of Fig. 2; 

Figure 5 is a graph of the polar gain pattern of a 
carrier signal transmitted by a standard LMDS antenna; 

Figure 6 is a graph of the polar gain pattern of a 
20 carrier signal transmitted by an LMDS antenna that is 
altered to minimize radiated power above the horizon 
relative to the radiating antenna elements at the top of 
the altered LMDS antenna; 

Figure 7 is a graph of an optimum polar gain 
25 pattern of a carrier signal transmitted by an optimum 

LMDS antenna that is altered to minimize radiated power 
above the horizon, and to minimize nulls between lobes 
of the polar gain pattern of the transmitted signal; 

Figure 8 is a graph depicting distribution of 
30 carrier signal amplitude values across the apertures of 
a multiple apertured, optimum LMDS antenna providing the 
optimum polar gain pattern of Fig. 7; 

Figure 9 is a graph depicting distribution of 
carrier signal phase values across the apertures of a 
35 multiple apertured, optimum LMDS antenna providing the 



17286 



4 



optimum polar gain pattern of Fig. 7; 

Figure 10 is a graph depicting distribution of 
carrier signal power across the apertures of a multiple 
apertured, optimum LMDS antenna providing the optimum 
5 polar gain pattern of Fig* 7. 
Detailed Description 

With reference to Figs. 2 and 4, a transmitter 
having a typical LMDS antenna 1 is located within an 
omni-directional cell site arranged in a center-excited 

10 cellular pattern of a mm. wave, reused main carrier 

signal to provide one-way television, TV, service The 
mm. wave carrier, for example, is typically, 1 gHz. of 
bandwidth centered at 28 gHz. When a standard LMDS 
antenna is used at each cell-site, subscribers 2 at the 

15 edge of the cell-site receive a carrier of low power due 
to attenuation by path loss. Distribution of broadband 
communications signals by the LMDS antenna 1 attenuates 
by the relationship of 1/D^, where D is the Distance from 
the antenna to the subscriber location in the cell-site 

20 being served by the carrier signal. A subscriber 2a is 
shown at an intermediate range line of sight. 

The invention recognizes that the polar gain 
profile of the signal being transmitted by a standard 
LMDS antenna, as shown as the Propagation Loss Delta 

25 curve 3, in Figs. 1 and 3, is characterised by an excess 
peak power 4, Fig. la, close to the antenna 1, for 
example, within the first 1000 meters range or distance 
from the antenna 1. The excess peak power 4 close to the 
antenna is indicative of the available excess signal 

30 power, as compared to that required to support signal 
reception at an acceptable signal to noise ratio of a 
subscriber's receiver. From the excess peak power 4, the 
power declines with distance from the antenna due to 
path loss, as shown, in Figs. 1, la and 2, by the link 

35 loss curve 5. The signals transmitted by the LMDS 
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antenna attenuates by the relationship of where D 

is the distance from the antenna to the subscriber 
location in the cell-site being served by the carrier 
signal being transmitted by a corresponding antenna. The 
5 effects of atmospheric precipitation contributes to 

increasing the rate of attenuation, and its effects are 
included, as shown by the rate of attenuation that is 
present in the Propagation Loss Delta curve 3. With 
reference to the curve 3, the carrier signal attenuates 

10 with a typical -10.00 dB attenuation at just beyond 

1,000 meters from the antenna. Well before reaching a 
range of 2,000 meters from the antenna, the polar gain 
profile recedes in value to indicate a typical -22.00 dB 
attenuation, which is known to be insufficient to 

15 support carrier signal reception at an acceptable 
carrier signal to noise ratio by a subscriber's 
receiver . 

According to an aspect of the invention, the excess 
power, which is the power in excess of that needed to 

20 support signal reception at a range near the antenna, 

is, according to the invention, altered by providing an 
antenna gain at the near range with a higher attenuation 
to reduce the power profile to about a +10 dB gain. At 
farther ranges or distances from the antenna, the 

25 corresponding attenuation of the carrier signal is 

progressively lowered, so as to maintain a desired +10 
dB gain over the extent of the range of carrier signal 
being supplied throughout the cell-site. Thus, as shown 
in Fig. 1, the Reference Antenna Gain curve 6 indicates 

30 an ideal, nearly constant, +10 dB gain, throughout the 
distance or range of transmission of the antenna to 
subscribers 2 and 2a, whether near or at the edge of the 
cell-site. To achieve the +10 dB gain throughout the 
cell-site, the antenna 1 is altered from the standard, 

35 by the number of radiating antenna elements of the 
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antenna 1, and by the phase angle and amplitude of the 
signal across each of the antenna elements, as described 
hereafter, to provide the elevation gain pattern of the 
altered antenna 1 to closely match the expected path 
5 loss. The altered antenna 1 has its gain depicted as the 
New Antenna Gain curve 7, as shown in Figs. 1 and 3. An 
antenna 1 having the new antenna gain as depicted in 
Figs. 1 and 3, corresponds to the antenna 1 providing a 
carrier signal maintaining the desired +10 dB gain as 

10 received by the subscribers throughout the cell-site, 
and counteracting attenuation due to path loss and 
precipitation, i.e. rain. 

When a standard LMDS antenna is used, the 
subscribers 2 and 2a risk being along lines of sight 

15 that coincide with nulls between lobes of the carrier 

signal pattern. The nulls present zones of signal power 
loss of inadequate link loss margin. According to the 
invention, nulls are minimized, so as to counteract low 
signal strength of the carrier coinciding with such 

20 nulls. According to the invention, the adjustment of 

the amplitude and the phase angle of the signal to each 
of the radiating antenna elements of the antenna 1 
eliminates the depth of the nulls between side lobes of 
the antenna radiating pattern. This minimizes gain 

25 ripple as a function of angle off boresight 8, Figs. 2 
and 4, which is typically associated with the radiation 
pattern of a standard LMDS antenna. 

As shown in Fig. 5 a transmitter having a standard 
LMDS antenna 1, with its radiating antenna elements at 

30 an elevation = h from the earth, has a polar antenna 

gain pattern with a main lobe 9, of maximum gain, along 
the horizon at the elevation h. The polar antenna gain 
pattern extends above the horizon. However, the antenna 
elevation h is selected to correspond to the highest 

35 elevation relative to that of all subscriber locations 
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within the same cell-site. Accordingly, the gain pattern 
above the horizon represents signal gain that is denied 
to subscribers 2 and 2a that are at lower elevations. 
According to the invention, the LMDS antenna 1 is 
5 altered by the number of radiating antenna elements and 
the phase angle of carrier signals supplied to the 
antenna elements to minimize the portion of the gain 
pattern profile that occurs above the horizon. As shown 
in Fig. 6 the gain pattern above the horizon is 

10 substantially reduced in area bounded by the gain 

pattern, as compared to that of the gain pattern along 
and below the horizon. As shown, the reduced area 
bounded by the gain pattern that is directed above the 
horizon indicates the extent to which power in the gain 

15 pattern has been reduced, which minimizes the signal 
strength of that portion of the gain pattern that is 
directed above the horizon, and is denied to the 
subscribers 2 and 2a in the cell-site. 

The contour of the polar antenna gain pattern. Fig. 

20 5, that corresponds to a standard LMDS antenna, has 

multiple side lobes 10, of lesser gain, and relatively 
deep nulls 11 between the lobes 9 and 10, with the 
deeper nulls 11 being between the side lobes 10. With 
the boresight 12 being the line of sight of the antenna 

25 elements to a subscriber 2 at an edge of the cell-site, 
other subscribers 2a in the cell-site are located along 
other angles 8 off the boresight 12. The angles 8 off 
the boresight 12 are a function of 1/D, the reciprocal 
of the distance D along the line of sight to the 

30 subscriber locations from the radiating elements of the 
antenna 1. The carrier signals of least gain are 
provided to subscriber locations along lines of sight at 
respective angles 8 off the boresight 12 that coincide 
with respective nulls 11. Minimizing the depths of the 

35 nulls 11, will avoid having zones of insufficient signal 
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gain to subscriber locations that have their lines of 
sight that coincide with the nulls 11 in the radiation 
pattern. With reference to Fig. 1, due to the depth of 
the nulls 11 in the radiation pattern of a standard LMDS 
5 antenna, insufficient signal gain is likely to occur 
along the nulls 11. The contour of the polar gain 
pattern. Fig. 6, that corresponds to reduction of the 
gain pattern profile that occurs above the horizon, 
still retains relatively deep nulls 11 between lobes 9 

10 and 10. Thus, subscriber locations risk having their 
lines of sight to coincide with the relatively deep 
nulls 11, which are accompanied by insufficient signal 
gain occurring along the nulls 11. Accordingly, the 
invention recognizes that, the relatively deep nulls 11 

15 are unacceptable in the gain pattern of an LMDS antenna 
1 even though the antenna 1 is altered to provide a gain 
pattern having a minimized profile that occurs above the 
horizon . 

With reference to Fig. 7 there is' depicted an 

20 optimum antenna gain pattern corresponding to an LMDS 

antenna 1 having twenty nine radiating antenna elements 
collectively providing the gain pattern. The adjustment 
of the amplitude and phase angle of the signal to each 
of the antenna elements will reduce the number and the 

25 depths of nulls 11 between lobes 9 and 10, particularly 
for the nulls 11 between side lobes 10, of the radiation 
pattern. The ripple like variation in the gain pattern 
as a function of the angle 8 off boresight 12 is reduced 
substantially to a smoothed radiation pattern having 

30 fewer and shallower zones within the cell site that tend 
to approach an unacceptable link loss margin. The choice 
of the number of antenna elements of the LMDS antenna 1, 
and the phase angle of each of the antenna elements, 
will result in an optimum antenna 1, the gain pattern of 

35 which will substantially counteract the expected path 
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loss. As shown in Figs. 1 and 3, the gain of the optimum 
new antenna is depicted by the New Antenna Gain curve 7 
that has larger values of dB attenuation at near range, 
and lesser values of dB attenuation at farther ranges, 
5 which counteracts the expected path loss and attenuation 
due to precipitation. The optimum LMDS antenna 1 
minimizes excess signal power, adjacent the peak power 
4, being transmitted to nearby subscribers and optimizes 
transmitted signal power throughout . the cell-site to the 

10 edge of the cell-site. An improvement of 5 dB to 8 dB 
impact on the link loss margin is attained to 
dramatically improve quality of service to the 
subscribers at the cell edge. 

With reference to Fig. 8, there is depicted a graph 

15 of normalized field amplitude versus phase across 

aperture to indicate the distribution of relative signal 
amplitude across each of the apertures of a multiple 
radiating element LMDS antenna 1, for example, a twenty 
nine radiating element LMDS antenna 1 of optimum 

20 elevation radiation pattern substantially approximating 
that shown in Fig. 7. 

Fig. 9 depicts a graph of phase in degrees versus 
signal power across aperture to indicate the 
distribution of relative signal phase across the 

25 apertures of a multiple radiating element LMDS antenna 
1, for example, a twenty nine radiating element LMDS 
antenna 1 of optimum elevation radiation pattern 
substantially approximating that shown in Fig. 7. 

Fig. 10 depicts normalized power in dB versus 

30 aperture in wavelengths to depict the distribution of 

relative signal power across the apertures of a multiple 
radiating element LMDS antenna 1, for example, a twenty 
nine radiating element LMDS antenna 1 of optimum 
elevation radiation pattern substantially approximating 

35 that shown in Fig. 7. 
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Although an embodiment of the invention has been 
described, other embodiments and modifications of the 
invention are intended to be covered by the spirit and 
scope of the appended claims. 
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